
AD-A131 435 EFFECT OF HEAT TREATMENT ON THE STRENGTH 0F 1/
ALUMINIJM BOROSILCATE GLASS FBREM ADEFENCE RESEARCH
INFORMATION CENTRE ORPINGTON (ENGLAND)

UNCLASSIFIED I P GUSE VA ET AL MAY 83 DRIC T6936 FG1/ I

IKETD



a...'~ ~2.0

11.8

1.25 1.4 .

MICROCOPY RESOLUTION TEST CHIART

NA.NLBREUO T40OO -6.



OOW4lTCNTOLSHE

CIDsoncuI~inovref

(ls*l euiy iaifcto o he



Qd
lIIC-T-69356itio

Effect of heat treatment on the strength of aluminium-

borosilicate lass fibre

Fizika i khimiya obrnbotki materialov, 1973, (4) 110-117 "i -ar

I.P.Guseva, S.N.Novihov, A.i.Stepanov ( Sverdlovsk)

(from Russian) A l
The effect of heat treatment of aluminium-borosilicate glass

fibre on its strength (in the range of temperatures between 50 and

500C) was investigated. .ith the aid of methods for the study of the

surface (low-temperature adsorption, mercury porometry) it was found

that the ,irect cause of the sharp decrease eV in the interval

t = 200-3000C appears to be th,. formation of relatively coarse defects,

i.e. cracks.

On the basis of mass spectrometric measurements, and also NZIR

spectra investigation of 11I1 nuclei, it was assumed that the formation

of defects on the surface is associated with the chemosorption of

atmospheric oyygen on coordinatively unsaturated centres of the surface.

'[he sharp drop in the strength of silicate fibres during heat

treatment in the temperature range 300 to 600 has received attention from many

workers since, on the one hand, the solution of this problem has an

important practical significance because many inlustrial articles from

composite materials are operated at high temperatures and, on the other

hand, the nature of the physical mechanism of weakening is closely

associated with the problem of the structure of glass.

Numerous stuies have been published in which researchers

M1 (2)
investigated the strength of sheet glass , and also of quartz or

glass fibres (3 ) of various compositions treated in the range of

temperatures between 100 and 8000 C (see also review studies(4)).

However, despite the larite number of studies devoted to this problem,

there is no universally accepted theory of the mechanism of processes

which occur uring heat treptment. In the present study, we describe

certain experiments directed towards clarifyinq this problem.

L . .
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Experimental methods. The subject of the investigation was industrial

aluminium- borosilicate glass fibre with a mean diameter of 6.5

and average strength of 6" 250 kg/mm . The heat treatment of specimens

was ci rried out in a muff e furnace which made it possible to maintain

the temperaLure of up to 7000 C with an accuracy of - 100 . The duration

of the holding time at the given temperature was 1 hour.

The tensile strength !'Y'of initial and of heat-treated specimens

was determined using standard mthods under atmospheric conditions. The

length of the investigiated specimen was in all cases identical and

amounted to 10 mm. The rate of the loading wits always constant and equal

to 0.5 g/sec. B esides thr average strength, we also measured the modulus

of elasticity V'. Pesults of the measurements of mechanical properties

are .zhown in Fig. 1, a.

The diameter of the fibres was d.termined with the aid of MBI-6

microscope and the eyepiece of 'MOV-1-15 micrometer at a magnification

of O). This mnethod secures an accuracy of measurement of 3 r5. More

accur;ate results are obtained by the interpretation of diffraction

patterns of scattered light for individual glass fibres ( 5 ) . In these

measurements, as a radiation source, we used an LG-35 laser. lesults

calculated from data accorf'ing to the light scattering had an accuracy

of 4 ()0)U . - I, .of - O.O(, i.e. - I ". The magnitude of average ,'iameters in the

initial fibres obtained by both methods practically coincided. The

d,'termination of the ,ianeter of the heat-treated glass fibre was carried

out only on the basis of li,ht scattering.

The value of the specific surface of the fibre So was determined

with the aid of low-temperature adsorption of nitrogen according to the

W'T method(). For the calculation of S o we used for the surface areans

of the nitroren molecule the values 1.6 \2 and 14.8 A\2 for hydroxylated

1) 'or the investigation of the adsorption, we used a beam scales
with sensitivity of 1.8.10-6 g
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(up to 300 0 C) and dehydroxylated (betweer 300 and 600 C) specimens

respectively 6) . lte.ults of measurements of the specific surface are

shown in Fig. 2. Tn the same Fig. is shown, by a dotted line, the

value of the geometrical surface L the initial fibre So calculated

from the mean value of the diameter.

For the investigation of defects on the surface of glass fibre

mercury porometry was used. The possibility ol using this method for

checking the structure of the glass fibre surface was explained in our

study ( 7 ) . The results of measurements are shown in Figs. 2 and 3

,or the investigation of conversions which occur (luring heat-treat-

ment of the glass fibre, we used NMIR for B nuclei which, as is well-

known, made it possible(8) to trace the changes in the number of B04

and 11()3 .roupings in boron-containing glasses. The method for measuring

and processing experimental data was described earlier in our studies(99l0)

The results of measurements are shown in Fiq. 4,a.

Evaluation of the results

Data shown in Fig. l,a pertaining to mechanical properties of

aluminium- bo,:osilicate glass fibre inflicate that specimens subjected

to heat-treatment for one hour undergo practically no change in strength

at temperatures up to 2000 C. The heat-treatment at more elevated

temperatures leads to it sharp decrease in strength. The modulus of

elasticity E of the investigated specimen remained practically unchanged

in the investigated range of temperatures. Similar relationships were

obtained by several authors for different types of glasses and fibres

(see e.g. tudies (2,3)) .

The observed changes in properties were explained as being due to

various causes: a) Structural reorgnisation inside the fibres; b)

Surface crystallisation; v) Non-identical heat expansion coefficients

of the surface layer and of the bull, of the glass; q) Effect of foreign

inelu, ions on the surface (2); d) Dehydration and brittleness of the

surface layer ( 1 ) *
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with the finding of '2tudy ) in which, using a gas-chromatographic

method, the effect of heat-treatment was investigated (under identical

temperature conditions) on the magnitude of the surface of powders from

lioron-containing glasses. The atithor ; l'ound that the mag nitudes of the

specific surface determined by the heat -desorption method of argon did

not change as a result of the heat-treatmient of the specimen.

In i"ig. 2,a, are -houn the results of measurements of the volume of

defects, microcracks, on the surface of glass fibre as a 'unction of the

temperature of the specimen, obtained by the mercury porometry method.

These data show that the volume of defects Vp changes siignificantly in

the range oi tempera ures of up to 200C but increases greatly at higher

temperatures (between 200 and 500 0 C). The decrease in the volume of

defects observed at t = 600 0 C is obviously associated with the commence-

ment of the process of' sintering.

Therefore, after hent-treatment, data of m,'rcury porometry directly

inlicate that the in,'irect c,;use of the sharp decrease in strength at

temperatures above 200 0°C is the development of a system of defects,

cracks, on the surface. In lig. 2,b is shown the dependence of the

strength of the fibre on the magnitude of the volume of defects. It is

found that, beginning with a c'rtain critical value Vp t 2.l0- 3 cm-3 ,

the value of R decreases sharply. However, the dependence 6' =f(vp)

does not yet permit the determination of precisely which defects are

responsible for the decrease in strength.

1.or the soli.io|A of' this problem, it is essential to examine the

histograms (porograms). Curves of the Iispersion of the volume of

defects accor in7 to sizes (with a reminder that the characteristic

size a in the given case appears to be the effective width of the

crack ( 7 ) show that, lii:'ing heat-treatment, not all e.roups of pores

change uni f'ormly. This is shown in Fir!. 3 where, on the axis of ordinates,

is plotted the increase in the volume of defects 4v i in the determined

4==
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interva I of d1imensions a 11 , pertain ring to the corresponding magni tude

( Avj), for the iitial fibre and, a long~ the rtxis of' niscisnee, the

tempera ture o f hien W- I treWn L. The ovcra II runup or' Pirnnsiofls a was

('011 i inalIly ivi ded inito three arenups: iroporesH ( ttxen 2) and

InD A1), intermediate ( 100000b 1) an! macropores (40)0-3500 A). An

analysis of the result- -hotwed that AV1 1 o1 0 1 ZAVJO0 4 00)o is

practically in? pvndi'ni ofI the tempera ture (not own in Fig. 3)

lb e volui in0f miIc ro and mac ro 1 "ets depvnid s on the teipe r atur e

or tho treaitmrent, Th w umte or ml cropnrvs dvcrenses somewat with an

1ncre'qv in tempera Hire cunrve I in !W~. 3) if the volume of macropores

increases s-eviral L ites vi th an iticrese iii the temperature of heat-

treptt'ent. pourti enlriv n; rp incre sp i s oi< erved at tepera Lures

h-tween 2"D1 n' 400t 0 
C whure v44 nH 1z 0 W-10 "NOnv~mIA300) of

the iniiti al s pee tmen

It P poinuted out t hat the "hunj is'urface of the glass fibre can

in the fltocecq ret'tin~ "iii'ngitvd, since the fhlpdamrital 1conitibuhtion to

0 i, "adis iv t iirooltri' the vo lumti or wich M'creoses si htjy with ant

incrE';s in termi ture. -n the other Onldl, the sharr inrense in the

vol iini or tacrotores ( tij roritri hwtion of uhir h to S0 is ilt-igiificai

wi Li n" inicre;af I in pvra Lire Co a It apnearances snmeuhnt compensates

-for tie fecrewtse in our face "Pcan~e of the "5 ~ining over " of' micro-

pores in -"r Ptc wny V to Miake So tixeh ticI I-MinI the limtits of the

-"trnry of 4'-u1rrmailts. TQ-iq a"i aa: tvis "r the res-its of' mercury

pi oro-It- hnows thatt the i ii#'lt,.e ini voinre ori defectis 'a ting beat -

ttev"Impin I at 1 at W t "r iawi v nrc-ttr- her~ti-x of the a ppearance of

re Iili v-i v roe rs cr(-xe whiich cin r fct, Nords to tht' decrease ini the

-1 ri n th "Ft tih-e lass ~f r t'

t (i the~ aid or %n --eeLr ont H riti Iri * we -howed in studir t91)

15t, &-ti~n Chu fit'- -- t e-t'it of' a Imininm-borcsiicate I i bre

I"t thi, teripcalirf rprte, hitch is of interest to Us, a Qnhnge occurs

K the rnnrt n;.ini ""Abhc'r 'if hotoit raii'< d by thi- dnot-ac 'pior



interaction of atmosphoric oxyge-n uith the surface of the glass fibre

at temperatures of between 200? and 500 C. Reflecting this process,

the dependence of the number of hO, (N 4 ) groups to the number of

110.3 (N 3) gTroups onl the temperature of' the heat-treatment is shown in

Fig. 4i,a; in Fig. 11,I i- given the dependence of the amount of oxygen

C abs orbed byv the fibre onl the temperature.

(On replacing air by inert gas (argon) in the ampoule used for

heat-treatment of the fibre, the value N4 /N 3 decreased significantly

in the ranpge of temperatures bet-.een 200 and 300 0 C (cutrves 2 in Fig.

4.,a). Conclusions derived in studies (ol permit us to assume that

the reduction in strength observed in the experiment and the increase

in the volume of defects are associated with the interaction of the

surface of tho gloss fibre with atmoszpheric oxyrgen. To clarffy this

relation, we cirried mit a series of experiments in vacuo (at a pressure

of 0. 1 mm, mercuiry columi~n) and in an atmosphere of argon

The avern!Te t;renqth or specimens heat-treated in argon and in

vacuo (cuirves 2 nnil I iii Fig. 1) was f'iiiid to be imuch hi gher than for

those heat-treated in air (curve I in Fig. 1). An investi'~ation of the

surface with the aid of morcury porometry showed that, for fibres heat-

treated in argon, the uslual volume of derfects depends sIi!Thtly on

temper;ature (Piq.2,b), whfilst the relative volume of microdefects

decreases more strongly and I"^v(400..3500),! Lv(4oo_3-o0)o increases with

temperature to a mnch lower extent than for specimens heat-treated in

air (see cuirves 2,4 and 1,3 in Fitt. 3). ,;ata for specimens heat-treated

in vacun occupyv aii intermediate position (curve 5 it' Fig. 3 )

hsresultsz of the investigation of tile fibre surface treated in

,a rgon an'Id in va enio are ;0l- corr i a ted with d~a a f or thle s trengfth,

ronli rning the eiirlier expressed assumption aboult the effect of atmospheric

oxycgefn (iii which it, i! usual to carry out tie heat tre;; tmvnt) oil thle

1. ;-or the testI, we u~sed ar ' on brand "pure", vithout any particuilar
puirification. Nass-spectroscopic analysis showed,howpver,that thle via
we tuned contained detectable admixtures of nitrogen and oxygen

(0.5 and 0.4% respectively).



Srength of tizlass fibre. 1,esults we obtained (i.J,2b and 3)

con 'irm that even small ioiunts of o-%ygr'n (admnixtures in Ar, insuffic-

jealt v 110th vacuuim ) coii lead to a viszible rfvli('tion in strengXth during

t'' nt- tre tm!n t of I j. ' i lirE- ( ;t t o c

Inl ai re. emi wit' st~iuly ,0 types Of Tpic , -,e occur iluri h

lie.,I-reatnent of t, -1s fibre. Inl the fir-t, a traisition of

trxictiiral ve leuts oV the fibre into im ilui lih ritm ztate t;nlies place

%,ci i characteristic of' hulk g lass and! is accompanied by ain increase

in deni-i ty an,: by a rcOuction iin the :(vrth of the bond be tween

- t rilrturiil 2IErlupz4 of tc !hiss liecaune of' varinitions inl temperature.

vii T'foCe'-" leadsk to a) TIonoltonic diecrease ill stren'rth ats a function

of Clho urotionl o Ie -re m Inl tie seconid, 'il ing operntomo

tl'he. -rntii inl ;il O\Y-onr-co:it; iniing iiidiim (e.(-,. air) at temper-

;j(res ;hove 20 C , Vic 'a-ur-fnc v o f the Q1i la-fi tire che'-i calI ly abs;orhs

o 'v 'ii, 1 1 1, i f iigI o0 ai c'! I)Q i!i Ote surrollr-i'uirrs of the couirdiniatively

.in-;)tnit ; ed ;it o!i- o i o .En l ~ , ;jI liuii i ium an 1  ;) I ;o ( i rcor''i rg to certain

c oii: n; n ten t, i on< ~-i i Ioiln

'IiI ;, o~ In o H1e i -i t he( I i (,ei* ture in i 'i e tha tnT i ti ons o f bor on

an'! oilminlium introrluced inito il1ic~la closr ;ly, zi lico iripart I-larply

expressedrl herio-oi-otive -prooerties with res;pect to 'jolec"les ab1le to

v nitor iii I o ;-v or, ii; c i on I)and (') Hie pres4ence of cliariosorptive gas-

-nec('CfTo(r rmolecules i - !ionnmj to I end ( to t ,leforviotjon of intramolecular

hald r inl the siraelay'er anI, rroiequiitly, piorhuces a stres2sed

t,(e ol' the s:iir face. 2 i nce it seems- that the seat of the location of

o':v-er i',)eors to rofl fA in the miost. active portions, i.e. the giurfaces

of c?-,cl-(vr fcts , r-iilre of' vol ecular honds ci;!n le ex~pected especiol ly

ill thie'e arTeas ;n,(oaitsefinelitly, thle ri-vp lopment, of the volum, of'

(I(, fpc CS4

:1v i ol, 1 ;)v i tc il c vss of r'Ec ing s or fac v s tres seps is alIs o

nosshie.or Umt, ohiviously, it is essentiial to remove the rhi-no-

:4o1,'1live ox~v~vl roi! the -tirf:tce or replaice it lim hiv'1 ro- yI r'roiips.
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As is well-linown, treatment of the surface by solutions of hydrofluoric

acid leads to the recovery of the strength. Iata obtained in the present

study show (FiYi.1) that the efect of reinforcement is the greater the

more ,'iluted the Ili solht,ion (treatment i.i a 0.02 '; ]IF increased eup

to 220 kg//Mmn whilst, using a 0.5 " I[F, we only succeeded in attaining

170 kg1/mm). "loreover, the treatment of a fibre heat-treated in air

with distilled wnter also leads to a sharp increase of the strength up

to a level 20) kg/rnm". A similar effect was observed in study(18)

in which an increase was observed in ( of high-strength heat-treated

sheet glass during its treatment by woter. The authors explained this

phenomenon by the "plasticising" action of water on the surface of glass.

The observations made in the present study show that the cause for

the increase in the strength of heat-treated fibres after "etching" is

obviously not so much becaiuse of the removal of the defective surface

layer, as is ven rally assumed(l1). hut because of the chemical modific-

ation o; the suirface. In stufly ( " ) , it wrs shown that, ,'uring the

treatmnt of glass fibre heat-treated in air at 500 C in a 0.2 ' IIF,

the ratio of N4 /Nj is visibly reduced which intricates the rupture of

some of the coordinative bonds.

Therefore, the obtained results testify that the sharp decrease

in strength eiir'ing short heat-treatment of aluminium-borosilicate

glass fibre is not the result of hi., temperrtures, but is produced

hr the interaction of coordinatively unsaturated centres on the glass

surface with the surrotining atmosphere (atmospheric oxygen). The

mechanism suagested for the reduction in strength during heat-treatment

of glass fibre is prob;ihly taking place not only in the case of

aluminium- borosilicate lass fibre, but also in other silicate fibres.

It i not impossible that, tinder conditions or sharp cooling during

the ,'rawinz-uL or a rticul: 4ibre, tzroupings of lower non-stoichio-

metric oxides or silico.i ktypes of SiO chains) may form oni its surface

which, 'uring repeated heating-up to temperatures of more than 300 C

iS
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in ordinary air, mawy decompose hy chnaing to a stable state(SiO2)(1)
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